HIV-1 Vpr is a highly conserved accessory protein that is involved in many functions of the virus life cycle. Vpr facilitates the entry of the HIV pre-integration complex through the nuclear pore, induces G2 cell cycle arrest, regulates cell apoptosis, increases transcription from the long terminal repeat and enhances viral replication. Vpr contains a Leu/Ile-rich domain (amino acids 60-81) in its C-terminal part, which is critical for dimerization. The sequence comprising residues 52-96 is implicated in properties of the protein such as DNA interaction and apoptosis via interaction with the adenine nucleotide translocator. To understand the specific interactions of Vpr-(52-96), the ability of this peptide to dimerize via a leucine-zipper mechanism has been investigated, by NMR and fluorescence spectroscopy. In contrast with results from a study performed in the presence of trifluoroethanol, our results, obtained in 30
INTRODUCTION
HIV-1 contains several auxiliary proteins, including Vpr, a 14 kDa virion-associated protein containing 96 amino acids [1] . Vpr interferes with many functions in the viral life cycle, induces G2/M cell cycle arrest [2, 3] , controls apoptosis by permeabilizing the mitochondria membrane [4, 5] , increases transcription of the long terminal repeat [6] , enhances viral replication [7] and helps the entry of the HIV-1 pre-integration complex containing the viral DNA [8] . Vpr shuttles between the nucleus and the cytoplasm. Moreover, Vpr concentrates in the nuclear envelope by interacting with components of the nuclear pore complex [9] and transfects various cell lines [10] very efficiently. Different fragments of Vpr have also been extensively studied. The N-terminal part (amino acids 1-51) was shown to play an important role in nuclear localization and in virion incorporation [11] . More precisely, Vpr-(13-33) is known to be essential for nuclear localization, whereas Vpr-(34-51) has been described to play an important role in Vpr oligomerization [12] . Lastly, the C-terminal domain (amino acids 52-96) of Vpr was shown to be involved in cell cycle arrest [13] , to bind the nucleocapsid protein NCp7 [14] , and to interact with HIV-1 RNA. Furthermore, this domain is thought to promote nuclear provirus transfer.
To gain insight into the structure-function relationships of Vpr, many structural studies have been performed on various domains {Vpr- [15, 16] , Vpr-(1-51) [17] and Vpr-(52-96) [18] } and shorter fragments [12, 19] of Vpr. Whatever the solvent and solution conditions employed, these fragments are characterized by long amphipathic α-helices spanning residues 13-33 for Vpr-(13-33), 34-51 for Vpr-(34-51), 17-29 and 35-46 for Vpr-(1-51) and 53-78 for Vpr-(52-96). Moreover, it was shown that Vpr-(52-96) dimerizes, and that residues Leu 60 and Leu 67 , located on the hydrophobic face of the amphipathic α-helix, appear to be involved in this dimerization through a leucine-zipper arrangement, since their replacement by alanine [18] prevented dimerization. Since no long-range NOE (nuclear Overhauser effect) was observed in this previous work, in the presence of 30 % (v/v) TFE (trifluoroethanol), a theoretical model of a coiled-coil Vpr-(52-96) dimer, suggested to have a parallel orientation, was proposed.
Furthermore, the three-dimensional structure of the entire Vpr protein (residues 1-96) has been determined in the presence of TFE or C 2 H 3 CN ([ 2 H]acetonitrile) or in pure water by NMR [15, 16] . The structure obtained in the presence of 30 % (v/v) TFE revealed three well defined α-helices adopting a U-shaped form, while in the presence of 0-30 % (v/v) C 2 H 3 CN, the protein shows the same well-defined α-helices folded around a hydrophobic core comprising Leu, Ile, Val and aromatic residues [16] . Within Vpr-(1-96), point mutational analysis of the Leu/Ile residues in the leucine-rich domain suggested that multiple Leu/Ile residues may be involved in maintaining an intramolecular leucine-zipper-like structure [20] .
Taking into account the solvent effects on the structure of fulllength Vpr-(1-96), study of the (52-96) domain in the presence of C 2 H 3 CN and at acidic pH was undertaken by NMR. In
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The ensemble of stuctures has been deposited in the Protein Data Bank (accession number PDB ID: 1X9V). these conditions, it was possible to observe the formation of a leucine zipper through the antiparallel orientation of two α-helices connected via hydrophobic-residue interactions. These results were confirmed by fluorescence experiments.
MATERIALS AND METHODS

Sample preparation
Due to its cellular toxicity [21] , Vpr cannot be easily obtained in large quantities by recombination. Thus, the (52-96) C-terminal domain of Vpr has been obtained by automated solid-phase synthesis using the Fmoc (fluoren-9-ylmethoxycarbonyl) strategy and then purified by reverse-phase HPLC, using procedures reported previously for the production of retroviral proteins [22] . Since Vpr has the ability to arrest the cell cycle in G2 phase and has the capacity to form ion channels, it is highly toxic for cells generally used for expression, and Vpr or its fragments could not be obtained in any other way than by chemical synthesis.
NMR experiments
All NMR experiments were recorded on a sample at a concentration of 2 mM in water with 30 % (v/v) C 2 H 3 CN, pH 3.0, at 293 K, 308 K and 313 K, on an Avance Bruker spectrometer operating at 600.14 MHz. Two-dimensional spectra were performed with 2048 real points in t2, a spectral width of 7062 Hz and 512 t1 increments. The transmitter frequency was set to the water signal. The solvent resonance was suppressed using a 3-9-19 pulse sequence [23] with gradients during the relaxation delay of 1.6 s between free induction decays. A mixing time of 200 ms has been used in NOESY experiments [24] . All heteronuclear spectra were recorded with a spectral width of 7936.5 Hz sampled over 2048 complex points in ω2 ( 1 H) and a spectral width of 1200 Hz sampled over 128 complex points in ω1 ( 15 N). Decoupling of the 15 N nucleus during proton acquisition has been performed by application of a GARP sequence [25] . Experiments were recorded in the phase-sensitive mode using echo/antiecho gradient selection [26] and trim pulses in inept transfer. The initial analysis of Vpr-(52-96) dimerization was based on two-dimensional 1 H/ 15 N HSQC (heteronuclear single-quantum coherence) [27, 28] spectra recorded at different concentrations ranging from 0.03 mM to 2.0 mM, pH 3.0, in a 30 % (v/v) C 2 H 3 CN-containing solution of aqueous water. For all experiments, the temperature was controlled externally using a special temperature control system (BCU 05 Bruker).
Data analysis and structure calculation
All data were processed using XWINNMR software (Bruker). A π/6 phase-shifted sine bell window function was applied and data were zero filled once prior to Fourier transformation in both dimensions (t1 and t2). The final sizes of the frequency domains matrices were 2048 and 2048 real points in ω 2 and ω 1 respectively. For all experiments, 1 H frequency scale was directly referenced to water. The data were then analysed with the Felix program (Accelrys, San Diego, CA, U.S.A.).
A set of distance restraints has been obtained from NOE crosssignal volume measured on a 200 ms mixing time NOESY at 303 K by integration of the peaks into distances by an R-6 dependency and a tolerance of 20 % to take into account integration errors. The distances were calibrated using the distance between aromatic protons. No dihedral torsion angle restraints were included in the calculations. Standard protocols using distance geometry and simulated annealing were performed in X-PLOR 3.84 [29, 30] on an SGI O2 R12000 computer.
Distance geometry and simulated annealing regularization Metric matrix distance geometry calculations were performed to embed and optimize initial structures. The experimentally obtained distance restraints were duplicated for the two monomers of Vpr-(52-96), during the embedding stage of the protocol. For optimization with simulated annealing (DGSA protocol) all distance restraints were specified with the 'SUM' averaging option in X-PLOR [30, 31] , which allows for ambiguity in the atom specification in input distance restraints. This feature is particularly useful, since many NOE cross-peaks arise from a combination of intramolecular and intermolecular proton pairs, and the inherent symmetry in the system prevents monomer-specific assignments of the cross-peaks.
Out of 100 attempts at embedding and optimization, the 10 best structures were selected based on the criteria of acceptable covalent geometry, low distance restraint violations, and favourable non-bonded energy. These structures were optimized further with restrained molecular dynamics simulations. Distance-restrained molecular dynamics were carried out in a vacuum with a distancedependent dielectric constant. The dynamics were initiated at 5 K and the temperature was increased gradually to 1000 K in 5.0 ps and then equilibrated for 1.0 ps. The force constants for the distance restraints were kept at 8.4 kJ · mol
) during these stages (1 Å = 0.1 nm). Subsequently, the force constants for the distance restraints were scaled up to a final value of 126 kJ · mol
) over 6.0 ps. The system was then allowed to evolve for 20.0 ps at 1000 K and then slow-cooled to 300 K in 14.0 ps and equilibrated for 10.0 ps. The co-ordinates saved every 0.5 ps in the last 4.0 ps were averaged. The resulting structure was subject to conjugate gradient minimization until a final gradient of 0.4 kJ · mol
) was reached. All dynamics were carried out with a time step of 1.0 fs. Non-crystallographic symmetry restraints were maintained throughout. Quality of structures was evaluated with PROCHECK [32] , and INSIGHT II (Accelrys) software was used to visualize structures.
The dimer dissociation constant was determined from fits to eqn (1), relating the observed resonance frequency, ω obs , to the population-weighted average of the monomer and the dimer resonance frequencies:
where K d is the dissociation constant of the monomer-dimer equilibrium, c is the total protein concentration, and ω M and ω D are the monomer and the dimer resonance frequencies respectively. The K d , ω M and ω D parameters were fitted to sets of data pairs consisting of ω obs and c, using non-linear least-squares optimization. Since the parameters are fitted all together to data for selected residues, the dissociation constant K d can be determined with precision from a series of HSQC spectra recorded at different concentrations [33, 34] . The fits were performed with a Levenberg-Marquardt non-linear least-squares optimization implemented in Gnuplot.
Absorbance and fluorescence spectroscopy
Absorption spectra were obtained using a Cary 400 spectrophotometer. Fluorescence emission spectra were recorded on a FluoroMax spectrofluorimeter (Jobin Yvon) equipped with a thermostatted cell compartment. Quantum yields were determined relative to Trp in water according to the method of Parker and Rees [35] . The quantum yield for Trp in water is taken as 0.14 [36] . At high concentrations of the peptide (> 100 µM), the measurements were performed in a 50 µl microcell (optical length 0.3 mm). At lower peptide concentrations, conventional cells with a 0.4 mm optical length were used. The concentration dependence of the quantum yield of Vpr-(52-96) was fitted, using the Origin software, with an equation derived from eqn (1):
where φ M and φ D are the quantum yields of the monomer and the dimer respectively. The pH dependence of the peptide fluorescence was determined by adding NaOH to the peptide in 25 mM Mes in the presence of 10 mM β-mercaptoethanol to avoid oxidation of the -SH groups. This experiment was done at peptide concentrations of 9.3 and 22 µM. The time-resolved fluorescence measurements were carried out with the single-photon counting time-correlated technique, using the stable picosecond excitation pulses provided by a pulse-picked frequency tripled Ti-sapphire laser (Tsunami; Spectra Physics) pumped by a Millenia X laser (Spectra Physics) as described previously [37] .
RESULTS
Determination of conditions for NMR spectroscopy
During the solid-phase synthesis of Vpr-(52-96), 17 labelled amino acids were introduced specifically at several positions in the (52-96) C-terminal sequence to facilitate the assignment of NMR spectra (Figure 1 ). C 2 H 3 CN at 30 % (v/v) was added to the solvent to prevent the strong tendency of the domain peptide to oligomerize in pure water. During the study of Vpr-(1-96) structure, we showed that the use of TFE, a hydrophobic solvent, eliminated oligomerization, but forced the structure to adopt an open Ushaped form. The use of acetonitrile (C 2 H 3 CN), which is less hydrophobic than TFE, prevented Vpr oligomerization while still maintaining the tertiary structure of the protein due to hydrophobic interactions between the three helices. Thus acetonitrile made it possible to obtain good quality spectra that allowed investigation of dimer formation [16] .
NMR analysis and intramolecular versus intermolecular NOE restraints
DQF (double-quantum-filtered)-COSY [38, 39] and TOCSY [40] experiments were used to identify spin systems, and NOESY experiments [24, 34] were used for sequential and long-range distance assignment [41] . The 17 labelled amino acids (95 % 15 N, 15 % 13 C) have been identified unambiguously from two-dimensional 15 N HSQC [23, 27, 28] , and confirmed the proton assignment (see Supplementary Table 1 at http://www.BiochemJ.org/bj/387/ bj3870333add.htm). Although many overlaps occur in the aliphatic region, characteristic connectivities dαN(i,i + 3) and dαβ-(i,i + 3) and the strong NOEs dNN(i,i + 1) and dβN(i,i + 1) have been identified from amino acids 53-75, indicating the presence of an α-helix spanning these residues. The C-terminal moiety (residues 76-96) of the peptide does not present any particular secondary structure element.
The antiparallel dimerization of the molecule through the formation of a leucine zipper is indicated by the correlation peaks observed between the aromatic protons of Trp 54 and His 71 and between the protons of Trp 54 and Leu 68 (Figure 2) , and the unusual chemical shift of His 71 protons. To obtain the structure of the homodimer with two-fold axis symmetry, it was necessary to discriminate between inter-and intra-molecular NOEs. The usual method to assign unambiguously the inter-and intra-molecular NOEs [42] by mixing equal amounts (1:1) of selectively labelled and unlabelled protein was difficult in our case, since only 17 amino acids were labelled.
Structure calculation of the leucine-zipper-forming domain
The structure of the Vpr-(52-96) dimer was calculated by restrained simulated annealing, molecular dynamics and energy minimization implemented with a total of 573 NOE-derived distances. Of these distances, 275 are intraresidual, 128 are sequential and 148 are medium range (|i -j| 4). Moreover, 22 intermolecular distances were identified and defined unambiguously, while all other restraints were defined ambiguously for structure calculation in X-PLOR [29, 30] . The distinction between intramolecular and intermolecular correlations was straightforward concerning residues far from each other in the sequence, whereas this differentiation was impossible for residues close to each other both in the monomer and in the dimer. About 12 constraints per residue allowed a good definition of the structure to be obtained.
Out of 100 calculated structures, 10 were selected according to their low overall energy and their low number of distance restraint violations. None of the structure exhibited a NOE violation greater than 0.2 Å and all of them presented good covalent geometry, with no bond or angle violations. The distribution of the φ,ψ angles revealed that 98 % of the residues were found in the allowed region, while 2 % were located in non-favourable regions ( Table 1 ). The superimposition of the 10 lowest-energy structures on their backbone atoms showed a good convergence of the structures (Figure 3) . The pairwise r.m.s.d. (root mean square deviation) was calculated for the monomer and evaluated to 0.90 + − 0.22 Å on the backbone atoms for residues 53-75, which form the best defined part of the structure. The pairwise r.m.s.d. calculated on the backbone atoms for the dimer was calculated as 1.40 + − 0.30 Å for the same domain. Input data for structural calculations and statistics are listed in Table 1 .
Each domain within the dimer structure displays the same characacteristics as the monomer structure calculated in the presence of 30 % (v/v) TFE [18] . The structure is an amphipathic α-helix with a large hydrophobic face composed of residues Figure 4 .
The relative orientation of the residues essential for formation of the leucine-zipper motif can be represented on a helical wheel ( Figure 5 ). Many isoleucine and leucine residues are in the required position to interact to form the leucine zipper, and the stability of the dimer is ensured by hydrophobic interactions taking place at the interface. The dimeric structure is also maintained by the stacking of residues Figure 5 ).
Characterization of the dimer interface and dissociation constant determination
Dimerization of the Vpr-(52-96) C-terminal domain and the dissociation constant for the monomer-dimer equilibrium were investigated by following the 1 H and 15 N chemical shift variations over a concentration range from 2.0 to 0.03 mM by heteronuclear NMR experiments. Figure 6 shows the superposition of the 15 N HSQC spectra registered at the lowest and highest concentrations displaying the greatest chemical shift variations. Significant concentration-dependent 1 H and 15 N chemical shift variations were examined for a subset of residues involved at the interface of the dimer and are reported in Since the rate of exchange between the monomeric and dimeric states is much higher than the difference in chemical shifts between the two states, the observed resonance frequency, ω obs , may be related to the population-weighted average of the monomer and dimer resonance frequencies according to eqn (1) Due to larger shift changes relative to line widths and higher digital resolution in the 1 H dimension, greater precision has been obtained for the 1 H data set. Relative populations of monomer and dimer at different concentrations were calculated ( Figure 7) . The analysis was limited by the significant line broadening of the NMR spectrum attributable to increased transverse relaxation rates and by the increased population of dimers at a given sample concentration.
Comparison with the C-terminal domain of previously determined structures
The present structure established in the presence of 30 % (v/v) C 2 H 3 CN and the same domain in the full-length protein Vpr-(1-96) [16] have been compared. The helix, spanning residues 53-75, is a little shorter than in the Vpr-(1-96) structure. The orientation of the hydrophobic residues is conserved and located on the same face of the helix, and many of these residues are involved at the interface of the dimer or in the formation of the hydrophobic core in the full protein. A superimposition of the 53-75 domain of one α-helix of the dimer and of the same domain in the whole protein gives an r.m.s.d. of 1.2 Å calculated on the backbone atoms. Interestingly, the second α-helix 53-75 of the dimer adopts the same position as the N-terminal α-helix 15-34 in the whole protein, in the opposite direction. These data show that the hydrophobic residues are protected from the solvent at the interface of the dimer [Vpr-(52-96)] as in the cluster in the whole protein [Vpr- (1-96) ]. In all cases, the C-terminal domain spanning residues 80-96 is disordered (Figure 8 ).
Fluorescence spectroscopy
To assess independently the dimer-monomer equilibrium of Vpr-(52-96), fluorescence experiments were performed by taking advantage of the presence of a single N-terminal Trp residue. The relative arrangement of the two α-helices forming the leucine-zipper dimer in antiparallel mode is shown. Leu/Ile residues are found at the interface of the dimer characterized by a hydrophobic face and a hydrophilic one. A second hydrophobic platform and a hydrophilic one seem to be available for supplementary interactions. Hydrophobic residues are underlined. The dependence of the quantum yield of Trp 54 in Vpr-(52-96) on peptide concentration was investigated. The rationale of this approach is that the spatial proximity between Trp 54 and His
71
shown by NMR in the head-to-tail dimer should lead to strong quenching of the Trp 54 fluorescence. Indeed, His has been shown to be an efficient quencher, but only in its protonated form [43, 44] . The concentration dependence of the quantum yield of Vpr-(52-96) was first determined under the NMR conditions (30 % aceto- The two averaged minimized structures of the dimeric leucine zipper formed by the C-terminal domain Vpr-(52-96) (red) and the full-length Vpr-(1-96) (yellow) protein are superimposed.
nitrile, pH 3.0), where the His residues are expected to be fully protonated. In agreement with our hypothesis, we observed a dramatic decrease in the quantum yield when the peptide concentration was increased ( Figure 9 ). This decrease was not associated with any change in the maximum emission wavelength, which remained at 448 nm, a wavelength typical of solvent-exposed Trp residues. The concentration dependence of the quantum yield of Vpr-(52-96) was fitted to eqn (2). We found a K d value for the monomer-dimer equilibrium of (7 + − 3) × 10 −4 M, in excellent agreement with the K d values obtained by NMR. Moreover, the values of φ M and φ D were found to be 0.025 and 0 respectively. The negligible fluorescence of the dimers suggests that, due to their close proximity, the Trp 54 and His 71 residues may form ground-state interactions that totally quench Trp fluorescence. Such interactions have already been reported between 3-methylindole and N-acetylhistine at high concentrations (> 0.2 M) [44] . In agreement with this, the time-resolved fluorescence parameters of Vpr-(52-96) at high concentrations (2 mM) differ only slightly from those at low concentration (1 µM), confirming that the dimers either are not emissive or emit with a lifetime lower than the resolution (20 ps) permitted by our device (results not shown).
To strengthen our conclusions further and exclude any artifacts due to acetonitrile, the concentration dependence of the quantum yield of Trp 54 was investigated further in 25 mM Mes, pH 4.5. In line with the results obtained in 30 % (v/v) 2 H 3 CN, we found a steep decrease in the Vpr-(52-96) quantum yield when the peptide concentration was increased ( Figure 9 ). Using eqn (2) to fit the data, a dissociation constant of (6 + − 2) × 10 −5 M was obtained, indicating a shift with respect to the monomer-dimer equilibrium in 30 % acetonitrile by around one order of magnitude. The fitted quantum yield of the dimer was again very small, suggesting that a head-to-tail dimer may also be observed in the Mes buffer. To confirm this, the pH dependence of the fluorescence of Trp 54 was monitored in this buffer. In line with the fluorescence quenching properties of the protonated form of His and the usual pK a values of His residues, a sharp fluorescence change with a mid-transition at around pH 5.5 was observed (Figure 10) . From the sigmoidal shape of the transition, it is further inferred that the protonation of the dimers may be considered as an 'allor-none' reaction, where the two His residues in the dimer are protonated simultaneously. To check this hypothesis, we fitted this pH titration to the following equation:
where I is the fluorescence intensity at a given pH, and I D and I DH2 are the fluorescence intensities of the unprotonated and protonated dimer respectively. The protonation constant K p describes the simultaneous protonation of the two His residues in the dimer. A very good fit was obtained with this model, giving a K p value of 9.1 × 10 10 M −2 . In sharp contrast, no satisfactory fit could be obtained if either non-cooperative binding of the two protons or binding of a single proton is assumed (Figure 10, broken line) . Notably, the non-zero value of the fluorescence intensity at acidic pH is probably related to the population of Vpr-(52-96) monomers existing at the peptide concentration (22 µM) of the experiment. It was confirmed at low peptide concentration (1 µM) that the fluorescence intensity of the monomers exhibited negligible sensitivity to pH, suggesting that the protonation of His 71 does not significantly affect the fluorescence of Trp 54 on the same monomer (results not shown).
DISCUSSION
In the present work, we have confirmed that the structure adopted by the Vpr-(52-96) domain is a well defined α-helix, spanning residues 53-75, as determined in an earlier study [18] performed in 30 % (v/v) TFE. However, in contrast with this previous study, we show herein that, in the presence of 30 % (v/v) C 2 H 3 CN, Vpr-(52-96) was able to form a head-to-tail dimer through interaction between two leucine-zipper-like domains. Although such dimers have already been suggested from CD and gel filtration experiments [18] , the present study constitutes the first direct structural evidence for the formation of a dimer involving the leucine-zipper-like motif within Vpr-(52-96).
The proposed antiparallel dimeric structure is strongly substantiated by the following evidence: (i) the large upfield shift undergone by the 4H proton of Figure 5) . A flexible region, encompassing residues 76-96, follows the helical region.
It appears that the two helices of the Vpr-(52-96) dimer mimic the first and third helices of the full-length Vpr-(1-96) structure (Figure 8) 28 and Arg 32 found in the first helix. Vpr-(52-96) interacts with various partners such as proteins and nucleic acids and, among its most important properties, it is an apoptogenic peptide. It induces mitochondrial membrane permeabilization via a specific interaction with the ANT (adenine nucleotide translocator) located in the inner membrane of the mitochondria [45] . Vpr-(52-96) is also able to transfect various cell lines [10, 46] . The dimeric structure reported in the present work could help to explain how Vpr-(52-96) is able to interact with host or viral effectors. Its resemblance to the entire protein structure could also explain the similarities between Vpr-(1-96) and Vpr-(52-96) with regard to their interactions, while the differences in structure might explain some of the variations in the interactions of Vpr-(52-96) and Vpr-(1-96), depending on the residues of Vpr implicated.
Recently, the effects of full-length Vpr and of the C-terminal peptide Vpr-(52-96) on the integration properties of integrase have been compared [47] . Both of them, at concentrations above 1.6 µM, inhibit the homologous integration activity of integrase. Conversely, at concentrations below 1.6 µM, Vpr-(1-96) is still an inhibitor, whereas Vpr-(52-96) stimulates integration. This phenomenon can be explained in the following way. At concentrations above 1.6 µM, Vpr-(52-96) is most probably a dimer, mimicking and exhibiting the same properties as Vpr-(1-96), i.e. inhibiting integration. In this case, the same hydrophobic platform remains accessible for interaction and prevents integrase activity. The domain comprising residues 71-82 is certainly not involved in this process, since it is as accessible in the dimer as in full-length Vpr. At lower concentrations, Vpr-(52-96) is in the monomeric form, and its effect will be different because its three-dimensional structure has changed. A second hydrophobic platform appears that was previously buried within the dimer, and is available for additional interactions, which inhibit integration activity. Thus the accessible residues are different from those in the Vpr-(52-96) dimer or in the full-length protein. This might explain the differences between the effects of this domain and of the full-length protein on integrase integration activity at low concentrations.
The capacity of Vpr-(1-96) and some of its fragments to interact with oligonucleotides has also been studied [10] . It was shown that the basic residues implicated in DNA interactions are located in the domain comprising residues 70-80 [48, 49] containing an H(S/F)RIG motif. In transfection assays, Vpr-(52-96) is more efficient than Vpr-(1-96). These results are fully consistent with the present study. Since the Vpr-(52-96) domain may dimerize, it presents two basic domains located at the C-terminal end of each monomer. This will double the capacity of this peptide to interact with nucleic acids, compared with Vpr-(1-96), which possesses only one such domain. This might explain why Vpr-(52-96) is a better transfection agent than the full-length protein.
Vpr induces apoptosis [4] in cells via its interaction with ANT. The full-length protein or its 52-96 domain alone kills Jurkat lymphoma cells, while Vpr-(1-51) is unable to perform such an activity. Vpr-(52-96) conserves this property, even when the peptide is in the monomeric state. It has been shown that Vpr-(71-96) can also induce apoptosis, and that mutation of Arg 73 , Arg 77 or Arg 80 reduces the apoptogenic effect of Vpr-(52-96). These results are consistent with the structure determined in the present work whereby these three arginine residues, within the 71-82 domain, are not involved in the dimerization of Vpr-(52-96) and have the same accessibility whether the domain is a dimer or not.
The knowledge of the dimeric structure of Vpr-(52-96) could form the basis for the design of new therapeutic molecules related to the transfection properties of Vpr-(52-96) or to its apoptogenic abilities. These new agents could be new transfection factors or novel molecules showing antitumour activities.
